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Pat rrtanspruch: 

RcntgendiffrakrometrischesUntersuchungsv rfahr n zurortsabhSngig nsimultan n Detektion von 
Variationen d s Stochiometriezustandes und Mikrodefekthaushaltes in Verbindungsstrukturen an 

inkristallin n Proban, g kennzaichnat dadurch, daft die auf ein Rontgendiffraktometer justierte Prob 
an ihrer polierten Oberfliche mit dem gesamten Spektrum einer Feinstrukturrohre bestrahlt wird, die 
Impulse vom gebeugt n Strahl des quasiverbotenen Reflexes im ersten M Bkanal mit dem 
Energiebereich dercharakteristischen Linie des Anodenelementes und die Impulse derHarmonischen 
dieses Reflexes im zweiten MaBkanal, dessen Energiefenster auf dem Doppelten dieser Energie 
f stst ht, registriert wardan, die Monitorisierung der Primarstrahlintensitat durch Registrierung der 
Probenfluoreszenzstrahlung in einem dritten MaBkanal vorgenommen wird und eine 
Translationsscanbewegung der Probe mit einer realstrukturrelevanten Schrittweite im 
Zusamm nhang mit einem Strahldurchmesser von maximal dem Doppelten dieser Schrittweite 
erfoJgt. 



Anwendungsgebiet der Erfindung 

Die Erfindung betrifft ein zerstdrungsfreies Verfahren zur ortsabhangigen, simultanen Analyse von Variationen des 
St6<*iornetriezustandes und Mikrodefekthaushahee in einkristallinen Verfoindungsstrulcturen. 



Chars*tartstJk dee bekannten Standee der Technlk 



Bieher tat nech einer Veroffentlichung von FUJIMOTO (Jap. J. Appl. Phya. 23 (1984) 5, 1287-1289) bzw. dem Bericht uber eine 
•ntaprechende MeOenlage (JET 2942: Japan Electronica Today News 3 (1984] 1 1, 14) ein Verfahren bekannt, bei dem man unter 
Emeatz einer HochMstungsdrehanodenr6hre (Leistung 30 kW) deren polycnromatieches Prim«rstrahlapektrum (Mo oder Cu) zur 
**fleiuwn aui em«n Monc^hromatorJuisulI einfallen la&t. Der reflektierte monochromatische Strahl trifft auf die einkristalline 
Obertttche etner GaAs-ScHeibe unter dem Glanzwinkel dee quasiverbotenen (200)- oder (222>-Reflexes. In einem 
Quantendetefctor wird die IntensHit dieeea Reflexes durch eine Rockingkurvenmessung registriert. Die Schwa nkung der 
oeoeonteo lmerpe*nteneft*ten entapricht debet dlrekt den Stdchtometrfeschwankungen der Bindungspartner in den 
umeceocbteri Kristallen. Die riumfiche Aufldsung liegt bei 1 x 1 mm 2 und damit au&erhalb der GrdSenordnuna, in der 
Tochtungs- und demfc KristaHparameter variieren. 

Deder e^emttche MeOeffefct dieeea Verfahrene baj ledlglich 0,1 % liegt und *war von einer quasiverbotenen Reflexintensitfit, die 
abeolut zwe* Gc oSmordnungen kteiner ale Cbitehe !^%damerttale) Reflexinteneitften ist, ergeben sich 
^o ^^y ^O^obkmme dm PrimAnrtrahJimensfttt die durch den Eineatz einer Mylarfolie im Primarstrahlengang nur 
un yoogeridbewa itigtwuroen, da zusitzJfch zu Primirstrahlschwankungen auch thermiache Effekte am Monochromatorkristall 
u nd tTi ■ n ii HaJtejwvjjen und OtoerMcheneidrungen der Probe auftreten. Informationen uber Mikrodefekte bzw. deren elastische 
Verzerru ngaleldcr wurden bteher separat und ^ornehmlich Qber (zeretdrende) Atzvorgange der Probenoberftachen und debet 
•nta«anende Atzgruben bzw. Atzaufreuhungen sowie elektronenmikroekopiache Verfahren gewonnen. 
Zusemmentaeeend weiaen die befcanmen techniachen Ldaungen folgende Hauptnachteile auf: 

— urumekJwKie Monhoriaierung der Primlrstrahlung, 

— kerne sfcnultane Erfeaaung anderer StdreinflGsse (z. B. der Probe), 

— geri n ge s rtornl i c h e e AMfl6aungaverm6gen # 

— retariv hotter techntecher Aunvand. 



ZMdsrCrisMStmg 

IM der Erfindung let die Berertstellung ernes vielsertig auseageffthigen Unterauchungaverf ahrens zur simuhaten. 
ortsabhingH»en Me t r ung von Variationen dee Stdchiometriezuatandea und Mikrodefekthaushaltes in einkristallinen 
Verbtndongastrukturery dee mit vertretbarem techniachem Aufwand auch fur die Anwendung in der zerstdrungsfreien 
ProouktKKiskontrolle geeignet ist und Ausaagen zu den Zusammenhftngen zwtschen Zuchtungstechnologie und Realstruktur 



Derlegimg dm Weaena dar Erfindung 

Der Erfindung liegt die technische Aufgabe zugrunde, ein V rfahr© n zur rdntgendiffrakomctriach n Untersuchung 
berertzustellen, das ee erlaubt, die lokalen Wechselbeziehungen zwischen Strukturinformationen simi * >n und ortsabhfingig zu 
erfaaaen. Erfindungsgemia wird die Aufgabe dadurch geldst. daB die Pr be in die Diffrakt meterachse * ines Einkristall- oder 
xalct ensteoerbaren Textuixliffraktometers justiert wird. Als PrimArstrahkjuelle genugt eine konv nti nolle F instrukturrohre. 
Deren polychromatisches Spektrum ft lit unmonochromatistert unter dem Glanzwinkel eines quasiv rbotenen Refl xes auf die 
Probe ein. Unter dem Streuwinkel dieaea Reflex s wird etn HalbleHerdetektor vom gebeugt n Strahl dies s quasiv rbot nen 
Reflexes getroffen, und de&aen Impulse werden in dem ersten Me&kanal mrt dern En rgieber ich der charakt ristisch n Lini 
r*gt*rrierr Der zw*«te MeGkanal. deesen .Energiefenster* auf dem Doppeft n dieser Energie feststeht. registriert dadurch 
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M n a R^e^ atao •ine.FundameotalrHexe.. Di MonHori«tefunfl df 

Oberfltche«*on,nQend«P^^ 



MeOparametern 



B« d«f Unwsuchuno von '^"i^^u, dorTEM periodische Schwankungen der Oicnta verz«r 
potychromatische Spaktrum «nerl to^T^Sh ton. Der Si(Ll>-HalbteHfd«tektor. Po»«t.on.ert untef Strahlung > d to 
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Translation of East German Patent Specification DP 270 770 A 
1 

Method of X-ray diffraction measurement for the position-dependent 
5 simultaneous detection of the variations of the stoichiometric state and 
micro defect count in mono-crystalline structures of compounds 

Claim: 

10 Method of X ray diffraction measurement for the position-dependent 
simultaneous detection of the variations of the stoichiometric state and 
micro defect count in structures of compounds in mono-crystalline 
samples, characterised in that the polished surface of a sample mounted 
on an X-ray diffraction meter is irradiated with the entire spectrum of a 

15 fine structure tube, the pulses from the deflected ray of the quasi- 
forbidden reflex are recorded in the first measurement channel, which has 
the energy range of the characteristic line of the anode element, and the 
pulses of the harmonics of this reflex are recorded in the second 
measurement channel, of which the energy window is set to double the 

20 amount of this energy, the monitoring of the primary ray intensity is 
performed by recording the fluorescent radiation from the sample in a 
third measurement channel and a scanning movement of the sample in 
translation takes place with a real-structure-relevant step width in 
conjunction with a ray diameter of a maximum of twice this step width. 

25 

Field of Use of the Invention. 



30 



The invention relates to a non- destructive method for the position- 
dependent simultaneous analysis of variations in the stoichiometric state 
and micro defect count in mono-crystalline compound structures. 



2 

Details of the Known State of the Art. 

Hitherto, according to the publication by FUJIMOTO (Jap. J. Appl. Phys. 
5 23 (1984) 5, 1287-1289) and the description of corresponding measuring 
apparatus (JET 2942: Japan Electronics Today News 3 (1984) 11, 14), 
there is known a method in which, using a high-power rotating anode 
tube (38 kW power), its polychromatic primary ray spectrum (Mo or Cu) 
is allowed to fall on a monochromator crystal and to be reflected. The 

10 reflected monochromatic ray strikes the mono-crystalline surface of a 
GaAs disk at the glancing angle of the quasi-forbidden (200) -or (222)- 
reflex. In a quantum detector the intensity of this reflex is recorded by a 
rocking curve measurement. In this arrangement the variation of the said 
integral intensity corresponds directly to the stoichiometric variations of 

15 the bonding partner in the crystals under investigation . The spatial 
resolution lies at 1 x 1 mm 2 and accordingly outside the order of 
magnitude in which growth or cultivation parameters, and thereby crystal 
parameters, vary. 

20 Since the actual measuring effect of this process lies at only 0.1 % and in 
fact of a quasi-forbidden reflex intensity which is in absolute terms two 
orders of magnitude smaller than usual (fundamental) reflex intensities, 
problems arise in monitoring the primary ray intensity, and these can only 
be inadequately overcome by the introduction of a Mylar film in the path 

25 of the primary ray, since, in addition to variations of the primary ray, 
also thermal effects on the monochromator crystal and its mountings and 
surface damage to the sample arise. Information about micro defects or 
their elastic distortion fields has hitherto been obtained separately and 
principally by (destructive) etching processes on the surface of the 
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sample, with consequent etching pits or etching rugosities, as well as 
by electron-microscope methods. 

All in all, the known technical solutions have the following principal 
5 drawbacks: 

- inadequate monitoring of the primary radiation 

- no simultaneous determination of other disturbing influences (e.g. the 
sample), 

- small spatial resolution possibilities, 
10 - relatively high technical outlay. 



The aim of the invention. 



The aim of the invention is the provision of a method of investigation 
15 having many possibilities for the simultaneous position-dependent 
measurement of variations of the stoichiometric state and micro defect 
count in mono-crystalline compound structures, suitable for use in non- 
destructive production monitoring with an acceptable technical outlay, 
and delivering information on the relationships between growth 
20 technology and real structure. 

Details of the invention. 



The invention is based on solving the technical problem of providing a 
25 method of X ray diffraction-measuring investigation which allows the 
local inter-relationships to be determined between items of structural 
information simultaneously and dependent on position. According to the 
invention the problem is solved in that the sample is positioned on the 
diffractometer axis of a mono-crystal- or accurately controllable texture 
30 diffractometer. A conventional fine structure tube is sufficient as the 
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source of the primary ray. Its polychromatic spectrum falls, 
without having been monochromatised, on the sample under the glancing 
angle of a quasi- forbidden reflex. Under the scatter angle of this reflex a 
semi-conductor detector is struck by the deflected ray of this quasi- 
5 forbidden reflex and its pulses are registered in the first measurement 
channel with the energy range of the characteristic line. The second 
measurement channel, of which the "energy window" is set to twice this 
energy, thereby registers automatically the pulses of a harmonic of this 
above- mentioned reflex therefore of a fundamental reflex. The 

10 monitoring of the primary ray intensity as well as of disturbing influences 
through variations in temperature, occurrences of drift and surface defects 
on the polished sample is achieved, without any additional outlay on 
apparatus, in the third measurement channel of the semi-conductor 
detector, of which the "energy window" is set to the characteristic 

15 radiation excited in the sample (fluorescent radiation). A convergence 
shutter in front of the sample ensures a position resolution of better than 
100 jum. The convergence angle achieves the entire rocking curve without 
the sample having to be rotated. This process ensures the full intensity of 
the characteristic radiation of the anode material for generating the 

20 minimum quasi-forbidden reflex and the minimum intensity of the braking 
spectrum for producing the immediately strong fundamental reflex as 
well as the fluorescent radiation. Decisive advantages of the process are: 

- the direct production of all three pulse densities as integral-intensity- 
proportional magnitudes and the measures of stoichiometric departure, 

25 micro defect density and as a monitoring signal, 

- the elimination of any rotation of the sample during the measurement 
and thereby the elimination of the influence of mechanical faults, 

- respective sufficiently high pulse densities for the statistical checking of 
the measured effect, 
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- by simple translatory scanning movement of the surface of the 
sample in its own plane with a step width of a (30... 100) jum, the possibly 
fully automatic investigation of an entire crystal plate takes place with 
high intensity and spatial resolution as an exactly simultaneous process 
5 and allows reverse conclusions to be made with regard to interactions 
between the different measured parameters. 

Embodiment by Way of Example. 

10 The invention will be further explained in the following embodiment by 
way of example. 

In the investigation of fault-free GaAs mono-crystals, distortion-causing 
micro-defects in correlation with stoichiometric variations, were suspected 
as a result of growth-related oscillations of the etching roughness and of 
15 band-band luminescence as well as periodic variations of the density 
observed in the TEM. 

The GaAs mono-crystal plate is placed on the diffractometer axis of a 
controllable texture diffractometer. The polychromatic spectrum of a 
20 conventional Co-K6-fine structure tube is caused to fall on the (100)- 
orientated sample surface under the glancing angle of the (200) reflex. 
The Si (Li) -semi-conductor detector, positioned under the scatter angle of 
this reflex, registers in the first measurement channel with an energy 

CK 

window of 6.93 keV (characteristic energy of the Co-K^-radiation) the 
25 intensity of the quasi-forbidden (200) reflex, in the second measurement 
channel having the energy window at 13.86 keV the intensity of the 
fundamental (400)-reflex, and in the third measurement channel (9.24- 
11.72 keV.) the GaAs fluorescent radiation is measured to form the 
monitoring signal. From the variations of the first two intensities, after 
30 correction by the monitoring signal, the variations in stoichiometry and in 



6 

micro defect density can be directly read off semi-quantitatively. The 
convergence shutter positioned at spacing of 10 mm from the reflecting 
surface of the sample ensures a positional resolution below 100 jum. A 
translatory scanning movement transverse to the direction of the strip of 
5 the crystal surface under investigation, with a step width of 30 jum, 
allows the linear analysis of these real structure phenomena. 



